The meaning of "Mathematics for Industry" (sometimes abbreviated as MI or MfI) is different from that of "Mathematics in Industry" (or of "Industrial Mathematics"). The latter is restrictive: it tends to be identified with the actual mathematics that specifically arises in the daily management and operation of manufacturing. The former, however, denotes a new research field in mathematics that may serve as a foundation for creating future technologies. This concept was born from the integration and reorganization of pure and applied mathematics in the present day into a fluid and versatile form capable of stimulating awareness of the importance of mathematics in industry, as well as responding to the needs of industrial technologies. The history of this integration and reorganization indicates that this basic idea will someday find increasing utility. Mathematics can be a key technology in modern society.
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The series aims to promote this trend by (1) providing comprehensive content on applications of mathematics, especially to industry technologies via various types of scientific research, (2) introducing basic, useful, necessary and crucial knowledge for several applications through concrete subjects, and (3) The objective of this book is to present recent advances in celestial and space mechanics written by contributors from both academic institutions and space agencies. It is organized into seven complementary chapters, two of which are devoted to celestial mechanics and five are dedicated to orbital mechanics. The central line of the work presented here emphasizes the development and application of computational techniques in both areas. This edited volume is aimed at an audience interested in celestial mechanics with a focus on the N-body problem and astrodynamics. It is appropriate for advanced graduate students, as well as for potential and current researchers in the field.
Below, we further detail each contribution:
The first two chapters belong to the domain of celestial mechanics, and deal with the integrability and stability problem of the N-body problem:
1. T. Combot focuses on integrability questions of the N-body problem. The computations are based on recent advances in the application of Galois differential theory to the integrability problem for a mechanical system whose potential V is a meromorphic potential of order−1. In the computations, the classical notion of central configuration/Darboux point plays a key role. In particular, the author proves the non-integrability for the colinear three-and four-body problem. 2. In the chapter by D.J. Scheeres, general conditions for the existence of stable, minimum energy configurations are derived and investigated for the full N-body problem. The found relative equilibria include central configurations but also the so-called resting configurations. The results are applied to the analysis of the so-called spherical, equal mass full body problem. A detailed analysis is conducted for N = 2, 3 and a preliminary one for N = 4.
Space mission design and control is the focus of the remaining five chapters:
3. A. Farres and A. Jorba demonstrate station keeping of a spacecraft equipped with a solar sail. Using the sail orientation as control, the authors take advantage of dynamical properties of the restricted three-body problem for a solar sail and v the dynamical substitutes of the N-body problem for a solar sail in order to maintain the spacecraft in a closed neighborhood of either unstable equilibria or periodic orbits. Finally, the authors present the principles and results of numerical computations realized to simulate the NASA's Sun-jammer mission. 4. M. Chyba, T. Haberkorn, and R. Jedicke consider a non-coplanar rendezvous problem from a parking orbit around the EM-L2 Lagrange point to Asteroid 2006RH 120, using the mass minimization cost function. The model is the circular restricted four-body problem where the Sun is considered as a perturbation of the Earth-Moon circular restricted three-body problem and the control structure is assumed to be bang-bang with at most three trust arcs. The solutions are computed numerically using a shooting algorithm supplemented by direct methods and continuation methods to address initialization issues. 5. R. Epenoy introduces a three-step methodology to compute low-thrust minimum-energy transfers between Lyapunov orbits in the planar circular restricted three-body problem. The approach used by the author is based on a mixture of different methods including simplex methods, single shooting methods, continuation methods, variational equations, and gradient descent. The methodology is illustrated with a numerical application for transfers between Lyapnuov obits around EM-L1 and EM-L2 Lagrange points. 6. The chapter by M. Chyba, G. Patterson, and G. Picot deals with the optimal control of the elliptic restricted three-body problem. This nonautonomous system is analyzed and local controllability along smooth enough trajectories is proved. Numerical computations with this model on three different missions are provided. Key to these simulations is a continuation on the eccentricity to solve the shooting problem associated with normal extremals. 7. The chapter by J.-B. Caillau and A. Farres is dedicated to the study of local optima in time-minimum control for the restricted circular three-body problem. Their investigation is based on the use of numerical homotopic methods. The paper presents a first attempt to provide a global optimal solution for a problem of such complexity for some important physical transfers, e.g., from a geostationary orbit to the EM-L1 Lagrange point.
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